We investigate the semileptonic and leptonic B decays, B → D ( * ) τ ν and B → τ ν in our multiHiggs-doublet models, while keeping in mind the enhancement of the top forward-backward (FB) asymmetry (A t FB ) at the Tevatron. In these models, the extra (pseudo)scalar bosons contribute to A t FB with large flavor-changing Yukawa couplings involving the top quark, but the contribution of the charged Higgs boson to A t FB is negligible. However, it may significantly affect B decays: especially, B → D ( * ) τ ν and B → τ ν. We investigate the constraints on the B decays, based on the recent results in BaBar and Belle experiments, and discuss the possibility that the allowed parameter region in the B decays can achieve large A t FB .
I. INTRODUCTION
In Ref. [1] , the present authors proposed flavor models with extra Higgs fields, which are gauged by U(1)' symmetry. The models slightly break the criteria of Ref. [2] by assigning flavor-dependent U(1)' charges to the right-handed (RH) up-type quarks. In these models, the potentially problematic flavor-changing neutralcurrents (FCNCs) for B-B and K-K mixings are forbidden, but certain amounts of FCNCs could still be allowed while keeping the consistency with experimental data. For example, neutral CP-even and CP-odd scalars can have large (t, q) q=u,c,t elements of Yukawa couplings, which may enhance the top forward-backward (FB) asymmetry (A t FB ) at the Tevatron. The strong constraints from LHC can be accommodated thanks to the destructive interference among the scalars [1, 3] . The charged Higgs boson, which is necessarily present in the multi-Higgs-doublet models, does not have sizable contribution to the top quark production at hadron colliders, but may have large couplings to the bottom quark because of theoretical consequences. This indicates that the models could strongly be constrained by B physics. For example, the (b, u) element of the charged Higgs, which has strong correlation with the (t, u) coupling of the pseudoscalar boson, is constrained by B → τ ν. Similarly, the large (b, c) element of the charged Higgs corresponding to the large (t, c) coupling of the pseudoscalar boson could significantly modify the branching ratios for the semileptonic B decays, B → D ( * ) τ ν. Recently, the BaBar collaboration announced interesting experimental results for the semileptonic B decays, B → D ( * ) τ ν [4] . The ratios R(D ( * ) ) defined by the branching ratios for B → D ( * ) τ ν to those for B → D ( * ) lν (l = e, µ),
are R(D) = 0.440 ± 0.072 and R(D * ) = 0.332 ± 0.030 at BaBar [4] . These values deviate from the Standard Model (SM) predictions, R(D) SM = 0.297 ± 0.017 [5] and R(D * ) SM = 0.252 ± 0.003 [6] , by 2.2σ and 2.7σ, respectively [7] . Combining R(D) and R(D * ), one finds that the discrepancy becomes about 3.4σ [4] , which might be an evidence of new physics. (The recent Lattice calculation relaxes the deviation in R(D) [8] .) Motivated by this BaBar discrepancy, new physics scenarios are widely discussed and one good candidate for new physics is a charged Higgs boson in the extended SM with extra Higgs doublets [7, 9] .
The average value of the branching ratio for the leptonic B decay, B → τ ν, which was measured at BaBar [10] and Bell [11] , is BR(B → τ ν) = (1.67 ± 0.3) × 10 −4 [12] . Although there are some uncertainties from |V ub | and the B meson decay constant f B in the SM calculation, this measurement is slightly inconsistent with the SM prediction, for example, BR(B → τ ν) SM = (0.84 ± 0.11) × 10 −4 given by the UTfit Collaboration [13] . However, the recent Belle measurement BR(B → τ ν) = 0.72
−0.25 ± 0.11 by making use of a hadronic tagging method for tau decays with the full data sample [14] is consistent with the SM prediction and the combination of the two is also consistent within uncertainties. Since the same new physics (e.g., a charged Higgs boson) may affect both the semileptonic and leptonic B decays, combined analysis of the B decays will strongly constrain such a new physics scenario.
In Ref. [15] , the authors investigated if the multi-Higgs-doublet models can explain the discrepancies in the B semileptonic decays while keeping consistency with BR(B → τ ν). Then they discussed the possibility that the allowed parameter region can achieve the large enough A t FB which was observed at the Tevatron. In this paper, we summarize the results and more explicitly estimate the upper bound on the enhancement of A t FB in the scalar-exchanging scenario.
The remainder of this paper is organized as follows. In Sec. II, we give a brief review of our models proposed in Ref. [1] . We assign flavor-dependent U (1)
′ charges to the RH up-type quarks and introduce extra U (1) ′ -charged Higgs doublets in order to write Yukawa couplings for the up-type quarks including top quark. In Sec. III, we discuss the top FB asymmetry in our models, and show the favored parameters to enhance A t FB . Sec. IV is devoted to the constraints on especially our two-Higgs-doublet model (2HDM) from the B decays. Then, we summarize our results in Sec. V.
II. MODELS WITH EXTRA HIGGS AND GAUGED FLAVOR U (1)
′ One of the interesting extensions of the SM is to add extra Higgs doublets to the SM, for examples, twoHiggs-doublet model (2HDM). In general, such an extension generates the FCNC problem at tree level through neutral Higgs mediation unless each up-and down-type quark couples only with one Higgs doublet. This flavor problem can be avoided by controlling the flavor structures of Yukawa couplings. A simple way is to assign a new symmetry to extra Higgs and matter fields. The most popular symmetry is to introduce an extra Z 2 symmetry with soft breaking terms [16] . In Refs. [1] and [2] , the authors proposed gauged U (1)
′ symmetry to the SM fermions instead of Z 2 symmetry. Then extra Higgs doublets charged under U (1)
′ should be introduced to generate proper mass terms of SM fermions charged under U (1)
′ . Especially, in Ref. [1] , models where only RH up-type quarks are charged flavor-dependently under U (1) ′ was proposed. Then, only FCNCs involving the top quark can be enhanced. In these models, interactions between the Higgs doublets charged under U (1)
′ and the RH up-type quarks are given in the form
Here H j (j = u, c, t) are charged under U (1) ′ . H 2 has the same quantum numbers as the SM Higgs doublet. The other fermions in the SM interact with H 2 .
According to Eq. (2), there may, in general, be up to four Higgs doublets: H 2 and H u,c,t , but the number of Higgs doublets depend on the U (1) ′ charge assignment. In Ref. [1] , the authors constructed both 2HDM and three-Higgs-doublet model (3HDM) by assuming the U (1)
′ charge assignments (u j ) = (0, 0, 1) and (u j ) = (−1, 0, 1), respectively. In the 2HDM we identify H u and H c as H 2 and H t as H 1 , while in the 3HDM, H u as H 1 , H c as H 2 , and H t as H 3 , respectively.
In Ref. [1] , the Yukawa couplings of (pseudo)scalars and charged Higgs are calculated explicitly, and we notice that the form of Yukawa couplings in Eq. (2) realizes large (t, q) q=u,c,t Yukawa couplings because of the top mass. The other elements are suppressed by the light quark masses. We can expect that the large (t, u) and (t, c) couplings of (pseudo)scalars enhance A t FB and achieve the BaBar discrepancy.
III. TOP FB ASYMMETRY IN MULTI-HIGGS-DOUBLET MODELS
The top FB asymmetry at the Tevatron is one of the interesting signals in the top-quark sector because it might be an evidence of new physics. The recent updated result of A t FB at CDF in the lepton+jets channel with data of a luminosity of 8.7 fb −1 is A t FB = 0.162 ± 0.047 [17] , which is consistent with the previous measurements at CDF and D0. While the SM predictions are 0.072 +0.011 −0.007 at the next-to-leading order (NLO) + next-to-next-to-leading logarithm accuracies [18, 19] and 0.087 ± 0.010 with NLO corrections for the electroweak interactions [20, 21] , respectively. There is about 2σ deviation between the SM predictions and the experimental results in the integrated A t FB at the Tevatron. In our models, (pseudo)scalars and Z ′ have large FCNCs between u and t, and their t-channel exchanges in the uu → tt process can enhance A t FB at the Tevatron. The mediators are neutral particles so that they also allow the same-sign top-quark pair production process, uu → tt, and the scenarios have been tested by the process at the LHC [22, 23] . As pointed out in Ref. [22] , only Z ′ scenario, which corresponds to the case that the scalar exchanging contributions are negligible, has been excluded. Recently, the CMS collaboration updated the upper bound on the cross section for the same-sign top-quark pair production: σ tt < 0.3pb [24] . In Fig. 1, the bounds on (t, u) couplings of (pseudo)scalars and Z ′ are described. The blue line is only Z ′ case with the interaction lagrangian λ tu Z ′µ t R γ µ u R and the Z ′ mass m while the red line is only one (pseudo)scalar h(a) case with the interaction lagrangian λ tu h(a)t L u R and the (pseudo)scalar mass m. In the one scalar case, λ tu should be so small that we cannot achieve the large enhancement of A Z' H
FIG. 1:
Bound on (t, u) couplings of (pseudo)scalars and Z ′ from the same-sign top-quark pair production [24] .
the bound from the same-sign top-quark pair production can be relaxed if destructive interferences work among the contributions from each mediator. Especially, in the case that one CP-even scalar and one pseudoscalar have the same (t, u) couplings and the same masses, the contributions of the scalars totally cancel each other, and σ tt becomes zero, if the contributions of the other mediators to σ tt are negligible. The enhancement of A t FB in the degenerate case is explicitly estimated in Fig. 2 . Y 
IV. (SEMI)LEPTONIC B DECAYS IN MULTI-HIGGS-DOUBLET MODELS
Based on the result in the previous section, we discuss the possibility that the enhancement of A 
That is, the mass and coupling of the pseudoscalar can indirectly be constrained by the B decays. In Fig. 3 (a) and (b) , we show favored regions in our 2HDM (a) for Yukawa couplings |Y tc | has to be sizable and its lower bound is about 0.2. We can conclude that it is impossible that we can achieve large A t FB in 2HDM to be consistent with the B decays. If the R(D ( * ) ) converge to the SM prediction in the future, we would not need consider such a large new physics effect and a large Y au tc , so that we would be able to choose the points with a large Y au tu . In Ref. [15] , the authors also discussed the three-Higgs-doublet model (3HDM) as the solution to achieve the enhancement A t FB and the BaBar discrepancy. In fact, both deviations requires large (t, u) and (t, c) couplings, but the constraint from D 0 -D 0 mixing at the one-loop level also limits the parameter space strongly. However, we could find the allowed region in Ref. [15] .
V. SUMMARY
In this paper, we investigated the semileptonic and leptonic B decays in our 2HDM, which were proposed in Refs. [1, 3] in order to account for the A t FB measured at the Tevatron. Then we discussed the possibility that the enhancement of the A t FB is compatible with the constraints from the B decays. Our model predicts large (t, q) q=u,c,t Yukawa couplings of (pseudo)scalars and naturally realizes large A t FB through the t-channel (pseudo)scalar exchanges. In our multi-Higgs-doublet models, not only CP-even scalar boson but also pseudoscalar boson are necessary to have O(1) (t, u)-element Yukawa couplings in order to achieve the large A t FB while keeping the consistency with the strong bound from the same-sign top-quark pair production signal at the LHC [1, 3] . If the pseudoscalar and the CP-even scalar masses are degenerate and the couplings are also same, the additional enhancement from the scalar exchange is at most (A ) converge to the SM prediction in the future, we would not need consider such a large new physics effect and a large Y au tc , so that we would be able to choose the points with a large Y au tu as discussed in Ref. [15] . However, it may be difficult to consider a light pseudoscalar mass (∼ 200) GeV in the 2HDM because of the bound from B → τ ν. As a solution to realize such large Y au tu , the 3HDM is proposed in Ref. [15] , and we could find the favored parameter points which achieve large A t FB and the BaBar discrepancy without the conflict with the leptonic B decay.
